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(54) ENGINE PERFORMING STRATIFIED COMBUSTION BY THEORETICAL AIR FUEL RATIO 
AND METHOD FOR STRATIFIED COMBUSTION OF ENGINE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a cylinder 
injection type engine and a method for stratified 
combustion of the engine capable of performing 
stratified combustion in the vicinity of theoretical air fuel 
ratio by EGR gas, reducing pumping loss to improve fuel 
consumption, preventing worsening of fuel consumption 
by rich spike, and obtaining high exhaust gas purification 
effect. 

SOLUTION: This engine is provided with a fuel injection 
valve for injecting fuel in a cylinder directly and an 
ignition plug for igniting air fuel mixture of fuel and intake 
air in the cylinder. The engine is provided with an air fuel 
mixture stratification means for stratifying the air fuel 
mixture when performing stratified combustion operation. 
The air fuel mixture stratification means forms a layer of 
the air fuel mixture in the vicinity of the ignition plug to 
perform stratified combustion by theoretical air fuel ratio 
and forms a layer of EGR gas around the air fuel mixture. 
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10 

mzi&o KiiJEtsiiztt b^. *>yji-mmwi 02 

* S HH < * '5 ^JRfi^ixi. E G R fiffiJfr j 0 8 CO 

frS^^t, 1 3 *»BBir^Jt*jrtt, ±fflj|co 

iSiliaK 3 0 1a Rt/TIW«0«»1BS 101b 
6, *a^)*r«lS:->y >^3 2 3 rtJw 

[0040] cco^tfi, i>^vo»»ffs«3r, = 

— ^ 2 0 1 ?J>b(Om^z£ V , j»»i(f*t# 3 2 2 

^r«< LT»Affl*fcoa^frfl6JBS-tt % ->y y^i2 
3f^^»S^|i^,t^5, fit, 

[0 04 1] IH5fi N !Sl2/i^(2 4^^:L/c^^>^>' 
^tW2 0 1/^ ^>^>EHEjfc % T^-lr/u 

[0042] tsfeir, 7>r^6tii mmmmmfc*— 
a-&*rii«fb^s i oo^ * i o 2 &n 

C ^f7/8{: T«S»P»4t# 1 2 2 ± -5 «&ft4t*tf« 
[0 04 3] ^ry/6{:t t ticfittftiSlsfirfT 

^^AWJr^DfcflfflEi^erftL, 2CT, 
E G R#jni# 1 0 8 OMttSriq C < vA-W^ffi 

[0 0 4 4] 7.fi/7 P l 3T'li, J-VyVS OCQfSJKff 

:^3 5fciis*, OS^^^^/ufWMi*.! 0 2^n;ii: »biir 
3 2 0 i: . E G R iCct SiW^ j 2 1 i 

s- H£nic l % (5 1: t , mmimtw i 22^, m 
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x v- y 7 ] 7i:t, &tk 77 '/ :i J 3 (om 9 lzm&is.(D 

3*«l»IE«^*^.«5kL. ^1 2 3rt»t5I 
ttffilSJtifitf <0«« & fr o T — iffi^SHj I1F Sr »T 1" & • 
[0 0 4 5] — y^^r y y" l 4i:t, *SK*S*6jSte* 

«ywi# 102 mw>i\>x\t^z><Dx^ ±mom%m$ i o 
i a iTW^ianaiBi o i bcoffi*a>e>£»a s «AS 

. ix* 0 r«>fc*«;:»4, »««<oaK»BBS[36s*:*<, tS 

SlxSo ^Lt, 7,f7/2 0{:T, MS****** 1 2 2 
*, iS^TliTi^ngSt Srff o T SWfcD*M «rft < 

7^7^/2 lilt, ->y V^l 2 3rtco^& 

1 1 3 /A lWK«-&«K**L-C— iSO!Bi^'S:»Ti- 
£ e * LT, cn6<o«S«fi*cj:SfflA*sa9l±l*lx. IBS 

i i offlic#ai*^ i ekoim' ^/«TtSo a« 

[0 0 4 6] 816X1581 7 tt % *389!<0»- OHltJgJS 

l o 0f4, RSW>HM-5/!J >^1 2 3 rt^ft^ftli^ftfc: 
*j8is»i»oa-&«i««<t*a i o oAit hmb«*i* 

[0 0 4 7] irteioh\ Si\ *JWBIS»«wTfl3ir^6ix 

yio 7 AO^^ig^Krtfeixfc^-v t^r-f 3 0 l 
t. S^-Kr^ 3 0 1 0^«*|pl^»5aflffi3 0 2 t 
*> »SEi"SJ:9^. — *£>»«iitt3 0 5 beo*!7 — 
/L-SK3 0 4 fllL^cOfa^CilSS 3 0 5 a a>e>cD* !7— /U 
S3 0 3 <tG0ia8Si: UT-tlx-t'ixKft&nTt^o 
[0 04 8] HI 7 f4, *3Stt»flKw«(t291tt3B«SJt^ 

Aeo->JJ >/l 2 3 A\Z& % «*» J 0 1 itfeJMF J 1 
Oitfi. ^rii^x—ocoSiSlTF 1 IK 111, -oco 
tfe*#l 12, I I 2«r^UT*ix-€ r n««*Jx-C*5 
9 , SftJMf 1 0 1 fC(4, — *c0!ft«[iffiK 3 0 5 bt, fl!i 
*«>SJ5iaB3 0 5 a t A5£*iwEiB$nT*5t) , 
*coiKJ5iffiB3 0 5 bfcfl. SSgft flKffiJS 3 0 5 bfrBRffl 
S 3 0 6ASHrfi->4x-C^S 0 w<Z> 
— ?J^ij!4JRjffiKJ3 0 5 bdJo^T, fft«fMW#3 0 6 t 
*> y >' J 23 At cOBBiZ 14 , E G R #.* cOifliifSttt P 1 
0 9 e //Ktf !=>jh/ti*5 v fx to. -t^ftll^ft^HJ 1 0 .1 
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12 

lkvm'MM \ i ooyWrfc. 3feLKCl»*4»fiJ»t*] 22, ^ 
201, ,?Jr/7 ^113 ^<7:«/# • flHlftifff 

[0049] tut, *mmm<03--isi?^s oa^ 

7t, '>yy/l 2 3 Art^y/^^ffSrSSa^fiSJtCT^c 

¥-^Srffi^T4*6«9 . **4t?KfgcoS^I5£)Ht:^l 0 
OAli, RJSfWW#3 0 6, Rt/EGR#:*tf>ifi!Sttln 
10 1 0 9 e SrWLT^S. 

[0050] o$ t) , *Hlft»tt<o«-&«fi8;JBft^a i 

0 0AI1 >^1 2 3rt"C^!7— 

StiffiK 3 0 5 b CD;* 17 — /Uflfi 3 0 4 t, flk#<OBMRiIK 
3 0 5 a <T>7sV— /l*ffi3 0 3 t^20(07 !7— /u8tgS:£ 

[ 0 0 5 1 ] Hl^cDj: — *oaftJKjaK3 0 5 b (D 

/i^Sft3 0 4(4, EGR^Sr^!/ V^l 2 3<Dl^l 

20 gg3 0 5 a (DTxV^-^mZ 0 3*4. fltjfS— ^cD^ V— /U 
S3 0 4 tf4S*|-*f6]<^RNF*tll]9cO»X"CfeoT, =" 
i/^10 3^e><Z?KAffljKSrWiaEGR*r^^rtll«^ 

[0 0 5 2] *#ttJctt, *Htt»nojA«flSttSrfT? 
»-&*wtt, »*«tjftliit*Ski o 0 Af4, %MM\ 

Wfr3 0 6 SrBflC-C— *<D®*ii»S3 0 5 b ^FrllL, 
EGRiI5gl0 9, EGR#J*P# 1 0 S HMTEGR 
^«r-*^)!»»a*3 0 5 bir«A$-^r^*$^ 

So 

30 [ 0 0 5 3] i^iC, xyy'y5 0A^MirS-ef7h 
> 1 0 7 A#T» 111, 111 *s M< t ^ 

{lii^cr>!S^jffiSS3 0 5 a firfflo fc»A35*U4, ^^9^> 
frWcOK«#l 1 1 <Z>±(piJSriioT->y V^l 23AI^ 
CgAL, f * h >' 1 0 7±cO^--r 3 0 1 frffto 

<Cte*,^17— yu3 0 3StJKjSM-4o 

[ 0 0 5 4]— ^r, ^ixfclBWJw, »!KaB3 0 5 bl^ 
5lE*$nTt^fcEGR*^tt, tT^ h> 1 0 7_bc7.^HJ]® 

3 o 2!:j8otSi'L, IH^co^ 5c»«-*rpiirig*B-t-5 
*10 7^-^3 0 4a'Mtoo -eit, H*^> J: -3 lz , E 
GR#^W!7- yU3 0 4 f4, v U 1 2 3cOrt(R!lC 

T, — *JO»«jffiB3 0 5 btci*rti-*-4«aBBiwcwa 

t8 # i»A3EJR«0^!7— ;U3 0 3(4, 7(7-yU3 0 4 J; 

[0 0 5 5] SEt^T, ^>">'> 5 0 Ac0flE.«ffte^*3^ 
T(4, 1 3, 111 SrRBt, tT^ h>l 0 7 A 

;^±#L-C>'H 1 2 3 Artcr)3SSH^DE.fflgji, % -co 
J: & , Sft«iiDIPg3 0 5 a KlF3 0 5 b G0Tfl«*wKfl!£$*t 
50 fc«R»»B0*# 1 2 2 i'4, BfffiS 12 5*. ^ «7— ^ 3 
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0 3 Srffilfi! L, 3 0 3 faX'%it L $ -tir 

[ 0 0 5 6 ] ceo J; 5 i:, «9ltt»rA^)ffi«flUiE;iBfb^ 
Si OOAfi, Zo^7-/u«3 0 3, 3 0 4 S:M 

it" % tt«-&*Offl ffl ^ ttffiJE E G R COB * fipft $ -B: 
T*59, WEi(E-&«^S(rlEEGR*x-ca*nac i*z 

So 

[ 0 0 5 7] x>y>5 0AcoM^^<?t§ 

dr. BSSulSSS 0 5a ^io^Mi/j^t, ffiatWlrE 
GR#*jMfcM-« 0 f IT, 3fefc:**afcMfffc:*MS 
dSM»1)*3 0 6 SrBBl^TKiKiaK 1 

commmtmrniz^ wnm£tzxmm-mM&n\,\ © 

*9K«Sri««>-C*5«9 , EGR«C±aj««*R*|i:JSJW(Stt 
[0 0 5 8] H8 75SBI1 Ott, ^^v?^EHk« t Aflff 

fca fc fc j: % v y±<Dmmm®i ^L^tot' 

^^s^AWas/hSt^fcttztt. ifrfiEEGR^^fflt^ 
fc^cg^S^Srtr 9 fcafclc, KAffiftCUt I t^l^ E G 
R#*Sr»A£-fr-Ct*5 0 -r Ia, ^^V*ffifas*:* 
<4«i:tfcftot, MISEGR^co^A^Srja^^ 
-tfrofc fc fcd, iSfli|l:g]9Mtt^:^W 

So 

[0 0 5 9] H9I4, MR*— &Xfit&Z.&WB1»k ttJBU 
£>SttWlfc*5 5 . > >EHE* fc AW fc ^ ctgv^ 

aw*— SttfcJRMI-Ctt, KWfrHl»ffc+fi&«>tr % Te 
GR^^i>/^ti«j fc rj$M*#S$Li tco^t 
*LT^5*, S«5r«*Sfc, ft£<aj£JSXS{flg (HI 
0) c0*p<, f»Affl«»cJ:SB/^#aELn^-C-fcftvv 
[0 0 6 0] »*^hh,tf % lWIE«*«'Ctt4t»«i>(cBB 

fC*|i"5EGR*^coffl-&W-&fi % 0%;o^I 5 0%a 

flES-earts-arrjajE-i-actA^ta, -twss 

< $.1t)tf f**coW;iSco««c. 'J — > N o x fill! 
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M 

[0 0 6 1 ] C^jfe^ffiL-fcco/iSEI9 60^^^^Ig|(E 
G R # * * fc ftMSTgcjfecofiR H fc ft 5 C0T\ C cO® 

i»re*t6?BaB»r* l fc ± 5 ^ e g r * 9 

10 attffl«jto*/B«s«srfTp« Kmc 

^^El«*a*Mi*r«»eoi6i±S:B]4c 4:36s 

[ 0 0 6 2 ] ft*5, HI 9 cotfBS <t L T, ffl;tfi* _k3£GQ 
*P < «r E G R -CHtf E G R JfKJBJjRfti5*s<a fS 

20 ix6 c Sr^, lMrie«^fiWiffc*£l: 10 0 (10 0 
A) fl, iS-&aS:EGR^"ea^"Ct^PS!9, &*Xzf 
7^11 3<D5fi«*cWlsa^«lOJISrffffi*-e:afcfc fc 
■ K ^ co ilffl ic Stjfa E G R ^ ^ cog Ufe. $ -tir , 

$ & e g r a?, (omm^m^AA^m,(Dm $ 



30 



40 



cOJSffltriWfEE GR^/ ^^SarSftJ-frT fc ^ fccO"C 
^fifjsKfc LfcC fcfcJ:oT&co^figSr^i-^fccoT*fc 

So 

[0 0 6 3] -fftte*>, Huf£^- (fj?-) coftjfe^ffi^ 

aii^Jt^rtWiB^i-a^^^^s o (soa) 

^A^iS^SrfT 9 m^icf^ ^^.Sfk^i 0 0 
(10 OA) »^fift:J:5)|^>7 f ;H2 0 
9—^3 0 3) ru ; EGR^CJ:-5f^yy^l 2 1 
(*!7 — /U3 0 4) (DZ.1(0? >-7/lsWt (^P — /UflJ) 
fc*rflL, ^7/1 1 3ie»^tt«»fc!HAffl«fc 
6 ft 5 ^T«Stf:Coa-frjR<0« Sr#7£ $ -tt , ttift^5lC<OH 
HCIiEGRifil 0 9^U, MM^nSTttlcDSR 
MiffiiPSl 0 1 b (-*©(UliB3 0 5 b) 5Z5@A$4X 
Tt *tz EGR ^(OSSrffftiF-frT*? { :; , lW(IE»'&«^ 
ilBEGR^^atiiaitlliot, ->!iy/i 2 
3 (] 23A) rtco^^flcSr, y — V3S«SJt"C(ift 
< , 9!tt3S«Sftfc Lfc««*ci-5 E G Rj*JB«R«6S:fTo 
T ^ a W T* . E G R ^/ ^ Sr^ t > X # J^^ft 
ffl*co«'>*-fr5 z fc«cj:a«SiBf(Oifn±W5/;\ *>y > 

j^l 2 3 (1 2 3 A) ^6#a*Jtfc»«^^^*tL, 
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|nj _b , & J: 5 £ >j - > NOx feM&Srtf] i * 5 &3S 

xs<4 ?mtt'/)>T-W*ztSiZ> Z kizX&B$W\»l±Z' t bm 
fit'ir&zk& m ?£Z>. 
[0 0 6 4] BftlBa-a'JRSrffiriaEGR^-CHtP 
-t* s -c*4WtrJEa-&*/*«(t^si 0 0 (1 0 0 A) . 

iCctoT, 2 1 (^!7-/U3 04) cOfA 

mzzttfx-z, z(Dgjr>bt>m®(ofa±{z i mfcz>zt 10 

[0 0 6 51 11 111 «*JS«i: b*5tt 

-r\ ±5£co*q<, «*a»*±. imt 
±.&m%z i*ST?**o 

[ 0 0 6 6] 4 fc, *j8«JK«"Ctt, E G R 20 
*«ftB»Jt #H fe ixT , *8«3b*tf> Jh$rlSl$ ^ <t 

[ 0 0 6 7] IT, l^coj; «*tt«^*5^T 

U ±IE<OEGRK:J;Sj«#f6]±# 

fc, y y?-^^>r^S:<c<+i k\z£Z>m$B:ft±.ftb<n 30 

[ 0 0 6 8] fc*5, HOK-CBMHLfcJ: jsay — 

[0 0 6 9] BfjfBB— At/»Z.co*tt«*tt, E 40 

G R AV«RW<P£:*ft &«A tz o l > T & fc fc 



>2 0 0 3 - I 9-3 S 4 :i ( P 2 0 0 3 - J 93 8 4 J A) 

IB 

<h o "C t> < , brmzk \m$<o$)mzm 

[0 0 7 0] 4fc, t 4 *^ I->(t:)?B:K{:oi^{), *?6OT 
fl ^ wjKttc«4 f ^-f L fctfiijR $ t> co-efi* < . E g 

c t sr s w t-r^mk • «j»-e«>n»f ft < , c coti-^(- 

[ 0 0 7 1 ] $ h\z^ *HJ6^|»-Ctt, SM^yy 
tt. »A35«Offi**s*«BEJ:9 t>i«44<0-e, EGR 
[ 0 0 7 2 ] 

(EWJwtt, EGR#* S*, SittfflilSJt^J: 

^cot% y->NOx tea -r 5 l 

[HI 1 ] *«WoJB— o|SttJBtt^*5»t«a»#ffl*sitfi!E 
/l^^ > ^ > oiAB. 

[H2] HI 1 C0oi>^^(-^tt5inv^>-(g;A?Sri^TC0 
ttflFRnBBo 

[13] HI 1 cO^V^>ic4o{tS^V^>^AW^T*co 

[04 ] mi (D^>'is>lZtert5^>i/^&&ffii$X'<D 

[IH 5 ] lUl a— ^ -v— l-o 

[16] *«W^JS— «ojttt»l»*-J3»t-53ffi»2S*RJ.tdc: 

[17] 16 co^vs^lt^c®^^ ^ ^ >co WeJclc. 
[18] 11 Ri>B 6 co{g)«Bft <k AW ctco-^^ r±c05S 
5is31iiJtl e 

[i 9 ] *«w^te^Siifteyi-fct+sEi<E»t-ftwtco 
[no] ttx&ffiaisiiEft i *w t y ^±comm 

[11 1] 0iw*dit4i*W?fi»ift^Jttt 
II, 

5 0 J- ^ 

5 OA :r->->'> 
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i o o m&&p%mit¥-m 

10 oa m-&%.j&m\tmk 
1 o J w%>® 

1 0 .1 a (MMSJlSqftftffiK&ftaig&iffi 

102 >7Vuf|i-iJ(^# (®rsvttW?i-) 

1 0 7 fc'JZ. h> 

1 0 9 e E G R cOfflSgtti □ 

1 1 1 85^# 

1 1 2 

1 1 3 .^^C7*7 ^ 

1 1 4 

1 1 5 E.mm 

[Ell ] 
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*<10)J 003-3 9 3 84] (P 2 0 0 3 - J 9 3 84 1 A) 
1 2 0 ^V^/l^t 

1 2 1 #>-?!\sffi 

1 2 2 ttttigftt* 

123 *> y > ^ 
i 2 3 a > y 
1 2 5 mnmm 

3 0 3 *!7— /U»S 
3 0 4 *!7 — yujjfc 

3 0 5 a ffiAiift (WP^*K*»«ia»W^O«4Kii 
10 K) 

3 0 5 b KMiJSS (Hm£ft««*[]ii&) 
3 0 6 RftffiiJfll?F 
3 0 5 b fiftiiK 
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3G023 AA05 AB03 AC05 AD07 AG 01 
AC03 

3G062 AA07 AA08 BA04 BA05 BA06 
BADS CA07 CA08 DAOi DA02 
EDM CA04 GA06 

3G084 BA09 BA15 BA20 BA21 CA03 
CA04 DA02 DA 10 EB08 FA07 
FA 10 FA33 
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CB02 CB03 CB05 EAOl EA03 
FA13 FB11 
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HB02X HD07X HE01Z HE08Z 
HF082 HF12 HF21Z 

3G301 HA04 HA11 HA13 HA17 JA02 
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